Introduction
============

Frequent episodic and chronic childhood tension-type headache (TTH) is a prevalent and debilitating situation for the child and family. After clarifying the diagnosis in an interdisciplinary setting, nonpharmacological treatments are usually the first choice of professionals and parents. Because many parents are reluctant to choose preventive medication for their child, patient education is an important aspect of pediatric headache team services. The focus is on empowering the family to incorporate a healthy lifestyle at home and at school to actively prevent the development or triggering of headache. The most basic lifestyle factors that a discussion (between nurse/physical therapist and parent) can contribute to are sufficiency of sleep, liquids, food, activity level, and how to handle psychosocial stressors.[@b1-jpr-9-257]

For nonpharmacological behavioral treatments, patient education on relaxation therapy with or without electromyographic or thermal biofeedback has shown, over the last 20 years, substantial evidence in reducing headache frequency in both children and adults.[@b2-jpr-9-257]--[@b5-jpr-9-257] Passive acupunctural laser therapy has also shown positive effects in a controlled trial on headache frequency.[@b6-jpr-9-257] Andrasik et al[@b7-jpr-9-257] compared preventive medication with amitriptyline and relaxation therapy for juvenile TTH and found clinical improvements from both interventions at 1- and 2-year follow-up. Relaxation therapy showed better compliance and acceptance by parents. Even though these effects are supported by evidence, use in practice is more limited than expected.[@b8-jpr-9-257] A major limitation is that interventions such as relaxation therapy require approximately up to ten 1-hour sessions in which a trained expert teaches the child with the use of specialized equipment.[@b8-jpr-9-257] As families are busy and society resources sparse, there is a need for educational approaches that are not only less costly but also more accessible and flexible, which is why internet-based self-help interventions are on the rise;[@b9-jpr-9-257] other alternatives are warranted.

Physical training compared to relaxation therapy and acupuncture has been examined in one study for adults with chronic TTH.[@b10-jpr-9-257] Within-group differences showed significant positive long-lasting effects for all three treatments. Moderate physical training showed significant reductions in headache frequency and intensity. Brief daily strength training using elastic bands has also been shown to reduce nonchronic headache frequency in adult office workers with neck--shoulder muscle pain.[@b11-jpr-9-257] Physical exercise for children has not yet been examined, although the World Health Organization published Global Recommendations on Physical Activity for Health in 2011 specifically for children aged 5--17.[@b12-jpr-9-257] In one of our previous studies, we found reduced neck--shoulder muscle strength and aerobic power together with increased pericranial tenderness, especially in the trapezius descendens, to be associated with TTH in girls.[@b13-jpr-9-257] We hypothesized that strengthening the shoulder muscles would result in reduced headache frequency and improvements in the girl's physical capabilities. This study aimed at comparing the outcomes of specific supervised strength training of shoulder muscles with the outcomes of counseling (defined patient education programs) for girls with TTH.

Methods
=======

Design
------

A randomized controlled trial was performed in accordance with the CONSORT 2010 Statement[@b14-jpr-9-257] and guidelines for trials for recurrent headache.[@b15-jpr-9-257],[@b16-jpr-9-257] The trial was approved by The National Committee on Health Research Ethics for Hospitals in the Capital Region of Denmark, and the Danish Data Protection Agency. Registered by ClinicalTrials.gov H-3-2009-081, identifier NCTO115557.

Participants
------------

From May 1, 2010 to September 1, 2013, 49 consecutive girls aged 9--18 years agreed to participate in the study with a 24-months follow-up period until September 2015. They were diagnosed exclusively with either frequent episodic TTH (at least ten episodes, \$1 day but \<15 days per month for at least 3 months) or chronic TTH (\$15 days per month on average for \>3 months), thus fulfilling the International Classification of Headache Disorders 2nd Edition and 3rd Edition, beta version.[@b17-jpr-9-257],[@b18-jpr-9-257] We were unable to recruit a sufficient number of boys to meet the criteria for statistical analyses.

All participants were diagnosed and recruited from the Children's Headache Clinic, Glostrup and Herlev Hospitals, University of Copenhagen. Before inclusion, the girls with TTH underwent a clinical diagnostic and neurological examination that included examination of the spine by the department's neuropediatricians and one specialist physical therapist. The diagnosis was clarified using 1- to 6-month headache reports from a diary similar to that recommended by Jensen et al.[@b19-jpr-9-257] Exclusion criteria were set by the neuropediatrician from anamnestic, observational and clinical assessments. Exclusion criteria were: migraine headache with more than one episode per month for a period of 6 months; a history of trauma, arterial hypertension, or intracranial hypertension; headache secondary to a cervical or other morbidity; and headache associated with a psychiatric comorbidity. Another exclusion criterion was headache associated with a significant learning disability or complicated social situation that required special education and/or community involvement. Girls who had been or were enrolled in other treatment programs at the Children's Headache Clinic were also excluded. No preventive headache medication and/or analgesic overuse were allowed before or during the study period. None of the participants were allowed the intake of analgesics, taken for any reason, within 12 hours before testing. At the first diagnostic visit, all participants were informed by the contact physician and nurse about the basic needs a child has for adequate food, liquids, sleep, and activity. [Figure 1](#f1-jpr-9-257){ref-type="fig"} depicts a flow diagram of the study enrollment and allocation.

This study followed the ethical principles of the World Medical Association's Declaration of Helsinki 2008 and 2013[@b20-jpr-9-257] and the United Nations Convention on the Rights of the Child 1989.[@b21-jpr-9-257] The parents gave written informed consent, and the children gave oral informed assent. According to the ethical guidelines, children above the age of 15 also received special age-appropriate information. Participants were informed about confidentiality and the right to withdraw from the study at any time without affecting their treatment.

Self-reports
------------

Self-reports of headache were monitored daily using a visual analog score (VAS)/numeric scale[@b22-jpr-9-257] in a monthly calendar. Mean headache frequency, intensity, and duration over 28 days prior to the test date were calculated.

Health-related quality of life (HRQOL) and disability were recorded at baseline and were administered by a nurse during the first visit at the clinic for counseling and diagnosis. A follow-up was administered by means of a mailed questionnaire 24 months after baseline. Self-reports of the Pediatric Quality of Life Inventory (PedsQL™ 4.0; Mapi Research Institute, Lyon, France) Generic Core Scales. Validated and validated in translation to Danish,[@b23-jpr-9-257] the questionnaire consists of 23 items comprising four dimensions: physical functioning (eight items), emotional functioning (five items), social functioning (five items), and school functioning (five items), which were scored on a five-point Likert scale (0--4/never -- almost always). Parental and child reports were collected for children aged 8--12 and 13--18 years.[@b24-jpr-9-257] For data analysis, raw scores 0--4 were reciprocally transformed to 0--100 scale scores following the scoring instructions.[@b25-jpr-9-257]Self-reports of the Pediatric Migraine Disability Assessment (PedMIDAS) questionnaire translated into Danish. The first three PedMIDAS questions relate to the impact of headache on school attendance and performance. The fourth question concerns the disability at home. The final two questions relate to social and physical functioning. The score is a simple composite of the six questions. Originally developed to assess migraine disability in pediatric and adolescent patients, PedMIDAS has been tested and validated for 4--18-year-olds with migraine by the Cincinnati Children's Headache Centre[@b26-jpr-9-257],[@b27-jpr-9-257] and it also addresses children with TTH.[@b28-jpr-9-257] The score is interpreted as follows: 0--10 little to none disability grade; 11--30 Grade II, mild; 31--50 Grade III, moderate; and above 50 Grade IV, severe disability.

Test procedures and measurements
--------------------------------

Measurements were conducted at baseline, after 10 weeks of intervention and after 12 weeks of home practice/follow-up; in all 22 weeks. A bioanalytic research assistant, blinded to the participants' histories, trained and experienced in the specific test methods, conducted the testing. The participants were given detailed information to familiarize themselves with the procedure. A coassistant, also blinded, assisted the child during the test procedures. The test procedures followed a standardized protocol and were conducted in a warm comfortable room. Test procedures lasted approximately 1 hour. The child was provided a bottle of water during testing and fruit afterwards. Age and anthropometric measures such as height and weight were collected. Body mass index (BMI) was calculated.General joint mobility was screened using the validated Beighton Score with nine points as a maximum. The cut-off for positive findings of hypermobility was 5/9.[@b29-jpr-9-257]Tenderness of pericranial muscles was examined in a sitting position in a chair with adjustable neck and leg support using the Total Tenderness Score (TTS) system validated by Bendtsen et al.[@b30-jpr-9-257],[@b31-jpr-9-257] A total score was calculated based on the standardized manual palpation procedures of seven bilateral sites (masseter, frontalis, temporalis, processus mastoideus, occipital insertion, trapezius, and sternocleidomastoideus) using a four-point scale. The maximum possible score was 42 points.Isometric muscular testing was conducted using a computerized force transducer, model Vishay Nobel, type KIS-2, max. 2 kN (Vishay Precision Group, Malvern, PA, USA) wall mounted on a custom-built adjustable stand. The signal from the force transducer was amplified and sampled in the computer using a National Instruments, type PWR02 (including a strain gauge amplifier, type SCC-SG24), and a data acquisition card Daqcard-6036E (National Instruments, Austin, TX, USA). All signals were sampled with a frequency of 100 Hz and low-pass filtered with a cut-off frequency of 10 Hz. The child was positioned on a chair with the upper and lower trunk fixed with belts.For neck flexion measurements, the lower edge of the padded force transducer was positioned to correspond with the line between the eyebrows. For neck extension measurements, the pad was positioned with the lower edge corresponding with the protuberantia occipitalis. The testing included isometric maximal voluntary contraction (MVC) in neck flexion and extension from a neutral upright position. The child was instructed to slowly build up the force to maximum within 2 seconds and then exert maximal pressure for about 3 seconds and thereafter slowly relax again. Participants were verbally encouraged to perform maximally.For shoulder MVC and rate of force development (RFD), the child was asked to lie on a mattress in a supine position. The dominant shoulder was then positioned in external rotation and abduction, while the elbow was stretched to position the back of the wrist on the pad. The participant was instructed to press as fast and as forcefully as possible in the direction of abduction. A 30-second rest was allowed between each attempt. For both the neck and shoulder test, a minimum of three attempts was given. If the third attempt was \>5% of the second or first, an extra attempt was given, though no more than five.Aerobic power was determined by a Monark Ergomedic 939E PC bike (Monark Exercise AB, Stockholm, Sweden) using a submaximal Åstrand test procedure and nomogram/accompanying tables for predicting maximal oxygen uptake l⋅min^−1^, $VO_{2_{\max}}$.[@b32-jpr-9-257] Heart rate was monitored using an adjustable Polar pulse belt (ProTerapi A/S, Brøndby, Denmark) and recorded continuously on a computer.The number of children receiving a supply of vitamin D and/or psychologist counseling was noted.

To avoid withholding any information relevant for the child's health, the child and parents were informed about the results of the TTS and the aerobic power test by the researcher responsible. A test--retest study by Tornoe et al[@b33-jpr-9-257] contains a detailed description of test procedures with analyses of repeatability and variability.

Allocation and interventions
----------------------------

This study was a blinded block-randomized controlled trial with computer-generated allocation in blocks of ten, administered by a secretary, to place participants into one of two intervention groups, A and B. Both interventions were based on short, defined education courses of 10 weeks home training with 3--4 sessions of supervised training or counseling, approximately 140 minutes in total for each group. One or both parents participated in the sessions. The contact nurse and an experienced pediatric physical therapist administered the interventions, which were followed by a 12-week follow-up period in which home practice was advised to continue without supervision. Families were welcome to request psychological counseling after the 10 weeks intervention period, which was to be supported by an interdisciplinary team conference. A timeline is provided in [Figure 2](#f2-jpr-9-257){ref-type="fig"}.

The physical therapist taught and supervised group A in 3--4 sessions of progressive specific strength training with a focus on the trapezius muscles with resistive tubing elastics (Thera-Band; Hygenic Corporation, Akron, Ohio, USA) and recording in a prospective diary. Training was to be conducted three times a week at home and comprised alternating four exercises two by two. The progression involved doing one set with ten repetitions and moving to three sets with ten repetitions. The tubing elastics were used in three strengths, red/niveau I, green/niveau II, and blue/niveau III, to provide progression of resistance. To determine the level of resistance, a 15 repetition maximum (RM) was used to estimate an exercise resistance equivalent 75%--80% of one RM.[@b34-jpr-9-257] Focus was on warm-up exercises for the arms and practicing the exercises. Furthermore, the child was guided concerning exercise quality and breathing. The task was to conduct home exercise with the aid of parental support. The progressive strength training was based on research and recommendations in the American Academy of Pediatrics, Committee on Sports Medicine and Fitness, policy statement for pediatric training,[@b35-jpr-9-257] Faigenbaum et al[@b36-jpr-9-257],[@b37-jpr-9-257] and Andersen et al.[@b38-jpr-9-257] [Figure 3](#f3-jpr-9-257){ref-type="fig"} provides an illustration of the exercises. During the 10 weeks of intervention, group A did not receive any other counseling. Compliance and continuity with the training schedule was secured by carrying out intermediate checks of the training diary and discussion with the child and parents.

After the 10 weeks of training, the child and family had a single counseling session with the nurse to avoid withholding help for the family.

Group B was provided with need-based counseling based on recommendations for multidisciplinary headache management.[@b39-jpr-9-257] Group B, as an established and evidenced intervention, was the control group, in accordance with international guidelines.[@b15-jpr-9-257] The interdisciplinary intervention has been proven to be effective in the treatment of children in the clinic.[@b40-jpr-9-257] The intervention comprised one session with the nurse and two sessions with the physical therapist. The focus was on a motivational dialogue following a checklist to encourage the child and parents to practice self-care through lifestyle changes and physical awareness. The aim was to enhance the child's physical health and well-being at home and at school. The child, with parental support, was encouraged to practice and exercise at home. [Table 1](#t1-jpr-9-257){ref-type="table"} provides a checklist of the topics the nurse and physical therapist used during counseling.

Statistical analyses
--------------------

The power analysis for this study was based on preliminary data from a case--control study and was calculated as follows: two groups of 23 participants were calculated from a mean headache frequency for girls at 20 days (SD 9.6), a significance level of 5%, a power (1--β) at 80% and an expected difference at 40%. In order not to lose power, subgroup analyses of episodic and chronic TTH were avoided.

A blinded statistician conducted the statistical analysis. Descriptive statistics were used to describe the data's central tendencies, dispersal, and trends. Mean, median, standard deviation, range, and frequency were used as appropriate. The distribution of data was examined by means of normal probability plots and Kolmogorov--Smirnov test.

For all primary and secondary variables, the difference between the two intervention groups at baseline was examined by statistical tests. Headache frequency and headache duration were analyzed as binomial counts (count parameter equaled 28 days and 24 hours, respectively) using generalized linear models. Headache intensity, peak data, TTS, and oxygen uptake were analyzed using two-sample *t*-test. Headache at test (yes/no) was analyzed by Pearson's chi-square test.

To investigate whether there was an effect of the intervention and if the effect was different after 10 weeks of intervention and after a further 12 weeks of home practice, the models included time and the interaction between time and intervention. Headache frequency, headache duration, and headache at test were analyzed by use of a repeated measurement analysis for binominal counts. We accounted for interindividual subject variation by including a random subject level. The GLIMMIX procedure by SAS 9.2 was used. The rest of the variables were analyzed by linear mixed models for repeated measurements by use of the MIXED procedure by SAS 9.2. For the primary variables, an analysis based on intention-to-treat, with the last observation carried forward, was also performed.

Results were adjusted for age and BMI. Vitamin D supplementation and counseling by psychologist were analyzed as additional explanatory variables, although the material was too small to fully adjust for four variables. Effect size was described and presented as the odds ratio (OR) (95% confidence interval \[CI\]) of having headache on a random day. For all tests, the level of significance used was 5%.

Results
=======

Participants
------------

[Table 2](#t2-jpr-9-257){ref-type="table"} presents anthropometric and headache characteristics at baseline in the two intervention groups with data of headache frequency, headache intensity, headache duration, age, weight, height, and BMI.

[Table 3](#t3-jpr-9-257){ref-type="table"} presents mean HRQOL and disability for the pooled sample. Ninety-two percent of the participants at baseline reported mild to severe disability. Baseline characteristics and HRQOL identified deficits in the areas of physical, emotional, and school functioning. In comparison with healthy child reports from Varni et al.[@b24-jpr-9-257] At a 2-year follow-up seven families were, for various reasons, no longer available. Twenty out of 30 potential responders (equivalent to 67%) returned the questionnaires and were equally distributed between group A and B. One girl had moved from home, so one parental report was missing. [Table 4](#t4-jpr-9-257){ref-type="table"} presents HRQOL characteristics at the 2-year follow-up. Fifty-five percent now report little to none disability, and 45% report mild to severe disability. Marked improvements are predominant in the area of physical functioning, school functioning, and total score.

Participants and dropouts at baseline, after 10 weeks of intervention, and after 12 weeks of home practice are presented in the results in [Table 5](#t5-jpr-9-257){ref-type="table"}. The reasons for dropouts were related to either perceived lack of time or lack of motivation. Six participants dropped out of the interdisciplinary intervention group and four out of the specific strength training group. Five girls in group A and six in group B received a vitamin D supplementation due to low levels of vitamin D on the baseline blood tests. One girl from group A visited the psychologist during the last 12-week home practice period as did five girls from group B.

In the two groups A and B, 42% and 44%, respectively, had no headache at baseline test, and there were no significant differences over time and between groups. The mean VAS score at baseline test was 1.6 (SD 2.0) for group A and 2.2 (SD 2.6) for group B. No significant differences over time and between interventions were identified.

Outcomes of primary variables
-----------------------------

There was a statistically significant effect on headache frequency and duration for both interventions without any significant interactions between time and interventions. For both interventions, the effect on headache frequency was statistically significant after 10 weeks of intervention (*P*=0.001) and after 12 weeks of home practice (*P*=0.001). The effect on duration was likewise significant (*P*=0.022), while the effect on intensity was not significant for either groups. [Figure 4](#f4-jpr-9-257){ref-type="fig"} shows a line graph of treatment effect on headache frequency and duration. The results from intention-to-treat analyses were identical to the per protocol analyses. [Table 5](#t5-jpr-9-257){ref-type="table"} lists all of these results.

The odds of having headache on a random day decreased for group A during 10 weeks of intervention by 0.68 (0.47--0.99) (OR \[95% CI\]) and by 0.64 (0.44--0.93) after 12 weeks of home practice. For group B, the odds decreased by 0.62 (0.44--0.89) (OR \[95% CI\]) during 10 weeks of intervention and by 0.66 (0.45--0.95) after 12 weeks of home practice. As the interaction between interventions and time was not statistically significant, the pooled OR after 10 weeks of intervention was 0.65 (0.50--0.84) (OR \[95% CI\]) and at the same level after 12 weeks of home practice. Over the 22 weeks, 33% of the girls had an improvement percent above 30%; group A 6/20 girls, group B 7/19 girls. Twenty six percent improved above 50%, specifically, 4/20 girls in the A group and 6/19 girls in the B group.

Outcomes of secondary variables
-------------------------------

The strength training compliance was very good and all participants managed to train the entire 10 weeks as scheduled. Eighteen girls managed to progress to resistance level II by the beginning of week 5. Two of these girls, furthermore, managed to progress to resistance level III by the beginning of week 8.

Over the 22 weeks, peak shoulder MVC increased ≥10% in 5/20 girls in the A group and in 2/19 girls in the B group. Four out of twenty in the A group had increased shoulder MVC ≥20%, while none in the B group had increased shoulder MVC ≥20%. No significant changes were found for groups.

There was a highly significant reduction in neck extension MVC from both interventions after 10 weeks of intervention (*P*\<0.001) and after 12 weeks of home practice (*P*\<0.001). There was also a significant reduction in peak neck flexion MVC for both interventions (*P*=0.016). The cervicothoracic ratio between neck extension/neck flexion decreased over the 22 weeks from 1.9 to 1.7 for both groups.

Predicted $VO_{2_{\max}}$ increased ≥5% in 8/20 girls and ≥10% in 5/20 girls in the A group. In the B group, 6/19 girls had increased $VO_{2_{\max}}$ ≥5% and 3/19 girls had increased $VO_{2_{\max}}$ ≥10%. In the A group, 4/20 had increased oxygen uptake ≥15% as did 1/19 in the B group. In the A group, 50% of those girls with a headache reduction of ≥30% had an increase in $VO_{2_{\max}}$ \>5%. For the B group this was the case for 29%.

TTS increased significantly (*P*=0.001) for both groups. The change was within the coefficient of variation between test and retest reported by Tornoe et al.[@b33-jpr-9-257]

Discussion
==========

The participants in this study reported deficits at baseline in HRQOL in physical, emotional, and school functioning areas, with school functioning obtaining the lowest score. This corresponds with a study by Kaczynski et al[@b41-jpr-9-257] at an American tertiary headache clinic, reporting that headache associated with impaired school functioning for children with TTH.[@b41-jpr-9-257] Kaczynski et al[@b41-jpr-9-257] also report that children with TTH were more likely to choose passive coping strategies, such as withdrawal and nonparticipation. Another aspect they reported was that school difficulties were associated with a protective parental strategy. These results highlight the importance of examining coping strategies, family dynamics, and promoting self-active strategies. Our study documents that for the pooled sample, HRQOL improvements are maintained at the 2-year follow-up, in particular in physical functioning, school functioning, and total score. A higher percentage of girls now report little to none disability.

One of our previous studies indicated a statistically significant association between headache and reduced strength of neck--shoulder muscles and aerobic power, combined with increased pericranial tenderness, which supports the perceived deficits in physical health.[@b13-jpr-9-257] We hypothesized that strength training of the shoulder muscles, especially the trapezius descendens, would enhance the girl's physical capability as an active coping strategy and thus provide a reduction in headache frequency. We measured health-related outcomes such as muscle strength and predicted $VO_{2_{\max}}$, as well as headache.

The results from this study showed a statistically significant and clinically important reduction in headache frequency and duration due to strength training and interdisciplinary counseling. Both groups also seemed to benefit from exercising or body awareness, with a significant and not anticipated reduction in neck extension MVC and neck extension/flexion ratio. The reduction indicates a positive change in muscle balance over the neck. Over the 22 weeks, the ratio decreased from 1.9 to 1.7, pointing toward a possible trend that adjustment of muscle balance precedes strength gains. Cervicothoracic neck extension/flexion ratio is reported to be stable over years and between sexes and is reported at a level of 1.7--1.8[@b42-jpr-9-257],[@b43-jpr-9-257] in adults. In our case--control study, 41 healthy girls had a neck extension/flexion ratio at 1.8.

Faigenbaum et al[@b44-jpr-9-257] underscore that children, due to sedentary lifestyles, may, from a young age, not develop adequate muscle strength and motor performance skills and that a deficit in muscular fitness might affect outcomes of strength training. We have not examined asymptomatic prerequisite motor skills, but based on the results we might hypothesize that the first learning outcome these girls accomplished from training was adjusting muscle balance.

The compliance with the moderate strength training program we piloted was good, and we can now conclude that it has a potential to provide important changes in physical capability both in terms of adjusting muscle balance and enhancing shoulder strength and $VO_{2_{\max}}$, leading to headache reduction and health improvements. The exercise volume and intensity versus exercise variation should be considered in order to keep a stable weekly volume. Further research is still needed to examine the outcomes that children, boys and girls with TTH, gain from different intensities and energy expenditures of exercising. Also, the relationship between predicted $VO_{2_{\max}}$ and TTH in girls needs further research.

Results from a study with adults with TTH by Söderberg et al[@b10-jpr-9-257] showed significant effects on headache frequency from physical training. Training comprised ten supervised sessions with strength exercises comprising 3×35 repetitions of five exercises, with each session commencing with 10 minutes of warm-up on an ergometer bicycle.[@b10-jpr-9-257] The exercise volume was higher than that used in the present study, and the amount of repetitions would probably not be suitable for children.

Counseling did result in both headache reduction and adjustments of muscle balance. Although the results achieved in muscle strength and aerobic power were minor, counseling also included mutual agreements of how to enhance the girl's level of physical activity.

None of the groups showed reductions in pericranial tenderness, suggesting that the girl's myofascial pain sensibility did not alter over a period of 6 months. The significant worsening of pericranial tenderness was not anticipated and is interpreted as being due to a rather large coefficient of variation,[@b33-jpr-9-257] which needs to be further studied. As enhanced pericranial tenderness is seen as a consequence of frequent or chronic TTH,[@b45-jpr-9-257] the lack of reduction in tenderness might indicate that expectations of recovery from a chronic headache situation have a prolonged perspective.

Dropouts were explained by a perceived lack of either time and/or motivation. To limit the number of sessions and at the same time reach the child's motivation to choose active coping strategies, innovative learning strategies should be considered. Digital learning and support combined with social events for the child and family might support an interactive learning situation. Physical therapists can work to find new ways of encouraging the child to do physical exercise with, and not despite, electronic devices to counteract a sedentary lifestyle.

This study did not examine knowledge improvements or motivation for change/barriers for change at an individual level. Baker et al[@b46-jpr-9-257] recommended identifying barriers for change in interventions at both an organizational and individual level, although evidence of the effect of identifying barriers is not yet clear. Consequently, more research is needed that examines the needs of contemporary families and that explores the barriers parents and children face in order to reinvent social and interactive physical behaviors that benefit the child's health and well-being.

Limitations and comments
------------------------

The 1989 UN Convention on the Rights of the Child states that "the best interests of children must be the primary concern in making decisions that may affect them". This was our main concern when setting up the study and meant that we did not establish a control group without treatment or a placebo treatment. We dealt with interventions as defined by the complexity of involving a variety of health-care professionals at various organizational levels with different behaviors. The study targeted families with an array of behavioral cultures, expectations, and different degrees of compliance. We were able to control the duration of confrontation and the amount of homework. In complex interventions, we are challenged by the difficulty of isolating the "active ingredients" of an intervention and have therefore focused on who accomplished what. Some of the strengths of this study include the effort put into controlling for influencing factors, the well-examined test methodology, and the blinded statistical analyses. The fact that we only managed to include girls turned out to be a statistical strength avoiding subgroup analyses. We did not examine the situation of the contemporary family to explore the knowledge gained or the process of change, but these aspects are needed in future research involving these children and their parents.

Conclusions and implications for practice
-----------------------------------------

Both educating girls with TTH in a moderate strength training program for a period of 10 weeks and doing need-based motivational counseling for lifestyle changes have a significant effect on headache frequency and duration with no significant between-group difference. The 2-year follow-up on HRQOL revealed consistent improvements over time. The majority of the girls reported little to none disability, with a total score approaching normative data. The results indicate that both physical health and HRQOL can be influenced significantly by physical exercise and nurse counseling.

However, we need to know more about how the dosing and energy expenditure in exercising affects both girls and boys with TTH. Face-to-face supervision of the exercise is recommended to ensure its quality and to prevent adverse effects.

Imparting knowledge about healthy lifestyles and active coping strategies, such as physical exercise, supported by digital learning and support, social activities, and events, is a possible option for limiting the amount of sessions necessary while simultaneously supporting interactive learning.
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![Flow diagram of enrollment and allocation.\
**Note:** ^a^One participant was sick at test 2 and therefore data for this participant is missing. The participant reentered at test 3.](jpr-9-257Fig1){#f1-jpr-9-257}

![Timeline over the project period from the first diagnostic visit to test 3.\
**Note:** Ten weeks of intervention with either specific strength training (**A**) or counseling (**B**) followed by 12 weeks of continued home practice.](jpr-9-257Fig2){#f2-jpr-9-257}

![Four resistive exercises with tubing elastics focusing on the trapezius muscles (**A**--**D**).](jpr-9-257Fig3){#f3-jpr-9-257}

![The effects from intervention A and B on headache frequency and duration over 22 weeks, adjusted for age and BMI.\
**Abbreviation:** BMI, body mass index.](jpr-9-257Fig4){#f4-jpr-9-257}

###### 

Checklist with counseling topics for nurse and physical therapist

  Areas                                          Contact nurse   Physical therapist
  ---------------------------------------------- --------------- -----------------------
  Headache calendar                              ×               ×
  Liquids                                        ×               
  Food                                           ×               × (food and exercise)
  Sleep                                          ×               
  Leisure time and hobbies                       ×               ×
  Physical activity                              ×               ×
  Screen habits and sedentary lifestyle          ×               ×
  Smoking                                        ×               
  Physical examination                                           ×
  How to exercise or use relaxation techniques                   ×
  Ergonomics                                                     ×
  Family and school                              ×               
  Potential stress factors                       ×               
  Teeth, eyes, ears, nose, throat                ×               
  Blood test results and medication              ×               
  Motivation/readiness to change                 ×               ×
  Confirming agreements                          ×               ×

###### 

Baseline characteristics of participants

  Group/variable   Age in years   Weight in kg   Height in cm   BMI weight/height[@b2-jpr-9-257]   HA intensity VAS   HA frequency/28 days    HA duration/24 hours
  ---------------- -------------- -------------- -------------- ---------------------------------- ------------------ ----------------------- ----------------------
  **Means (SD)**                                                                                                      **Median (1--3 qrt)**   
  Group A          13.4 (2.0)     48.5 (9.3)     156.6 (9.0)    19.7 (3.1)                         4.5 (1.5)          22 (13.5--28.0)         8.0 (4.1--13.8)
  Group B          13.3 (1.7)     49.1 (9.8)     158.1 (9.0)    19.5 (2.9)                         4.5 (1.7)          24 (11.0--28.0)         9.3 (3.7--24.0)

**Abbreviations:** BMI, body mass index; HA, headache; qrt, quartiles. SD, standard deviation; VAS, visual analog scale.

###### 

Baseline health-related quality of life and disability

  PedsQL (higher scores are better)   N=37 girls       Child report   Proxy report
  ----------------------------------- ---------------- -------------- --------------
  Physical functioning                                 70.2 (14.2)    71.9 (13.8)
  Emotional functioning                                72.4 (16.3)    72.0 (15.8)
  Social functioning                                   90.9 (10.0)    89.7 (11.3)
  School functioning                                   64.7 (17.0)    70.1 (16.8)
  Overall psychosocial functioning                     76.0 (11.8)    77.3 (11.2)
  Total score                                          74.6 (10.6)    75.9 (10.4)
  **PedMIDAS**                        **N=36 girls**   **%**          
  Little to none (0--10)              3                8.3            
  Mild (11--30)                       15               41.7           
  Moderate (31--50)                   7                19.4           
  Severe (51+)                        11               30.6           

**Notes:** Values in table are given in means (SD).

**Abbreviations:** PedMIDAS, Pediatric Migraine Disability Assessment; PedsQL, Pediatric Quality of Life Inventory; SD, standard deviation.

###### 

Two-year follow-up on health related quality of life and disability

  PedsQL (higher scores are better)                    Child report, N=20 girls   *P*-value of paired diff. to baseline             95% CI             Proxy report, N=19   *P*-value of paired diff. to baseline             95% CI
  ----------------------------------- ---------------- -------------------------- ------------------------------------------------- ------------------ -------------------- ------------------------------------------------- -----------------
  Physical functioning                                 78.9 (18.2)                0.077                                             (−16.5 to 0.9)     83.2 (16.3)          0.049[\*](#tfn5-jpr-9-257){ref-type="table-fn"}   (−20.3 to −0.1)
  Emotional functioning                                76.3 (16.9)                0.23                                              (−12.1 to 3.1)     75.5 (19.9)          0.52                                              (−11.0 to 5.8)
  Social functioning                                   95.0 (9.9)                 0.38                                              (−9.1 to 3.6)      92.4 (12.9)          0.59                                              (−11.9 to 7.0)
  School functioning                                   73.0 (17.3)                0.078                                             (−17.5 to 1.0)     85.0 (15.1)          0.047[\*](#tfn5-jpr-9-257){ref-type="table-fn"}   (−20.5 to −0.2)
  Overall psychosocial                                 81.4 (12.5)                0.11                                              (−11.5 to 1.3)     84.3 (13.6)          0.19                                              (−13.4 to 2.9)
  functioning                                                                                                                                                                                                                 
  Total score                                          80.8 (13.4)                0.016[\*](#tfn5-jpr-9-257){ref-type="table-fn"}   (−16.4 to --1.9)   84.0 (14.0)          0.032[\*](#tfn5-jpr-9-257){ref-type="table-fn"}   (−19.7 to −1.0)
  **PedMIDAS**                        **N=20 girls**   **%**                                                                                                                                                                  
  Little to none (0--10)              11               55.0                                                                                                                                                                   
  Mild (11--30)                       3                15.0                                                                                                                                                                   
  Moderate (31--50)                   1                5.0                                                                                                                                                                    
  Severe (51+)                        5                25.0                                                                                                                                                                   

**Notes:** *P*-values for paired differences (diff.) to baseline with 95% CI,

significance level ≤0.05. Values in table are presented as mean (SD).

**Abbreviations:** PedsQL™, Pediatric Quality of Life Inventory™; PedMIDAS, Pediatric Migraine Disability Assessment; CI, confidence interval.

###### 

Results for primary and secondary outcome variables

                                                                Baseline            10 weeks intervention   12 weeks home practice   *P*-value for interaction between interventions and time   Overall test for the effect of time                                                                                                                    
  ----------------------------------------- ------------------- ------------------- ----------------------- ------------------------ ---------------------------------------------------------- --------------------------------------------------- ------------------- ------------------- --------------------------------------------------- ------ ---------------------------------------------------
  Mean headache frequency/28 days           N                   24                  25                      20                       21                                                                                                             20                  19                                                                             
                                            Mean (SD)           19.6 (9.6)          19.2 (9.6)              17.6 (11.3)              17.9 (11.6)                                                                                                    17.1 (11.3)         17.8 (12.1)                                                                    
                                            Median (1--3 qrt)   22 (13.5--28.0)     24 (11.0--28.0)         21.0 (4.5--28.0)         26.0 (5.0--28.0)                                           0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     20.0 (4.5--28.0)    26.0 (4.0--28.0)    0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     0.89   0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}
  Mean VASscore_28 days                     N                   24                  25                      20                       21                                                                                                             20                  19                                                                             
                                            Mean (SD)           4.5 (1.5)           4.5 (1.7)               4.2 (2.1)                4.4 (1.8)                                                  --                                                  4.1 (2.2)           4.1 (2.0)           --                                                  0.82   0.46
                                            Median (1--3 qrt)   4.7 (3.2--5.5)      4.3 (3.4--5.6)          3.7 (2.8--6.0)           4.5 (3.2--5.5)                                                                                                 4.2 (2.6--5.4)      4.0 (2.6--6.0)                                                                 
  Mean headache duration_24 hours           N                   17                  24                      18                       20                                                                                                             18                  16                                                                             
                                            Mean (SD)           10.7 (8.2)          11.8 (9.4)              11.3 (8.7)               10.0 (8.8)                                                                                                     11.1 (9.0)          8.4 (8.8)                                                                      
                                            Median (1--3 qrt)   8.0 (4.1--13.8)     9.3 (3.7--24.0)         7.6 (3.6--22.6)          6.2 (4.5--18.5)                                            0.021[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     6.6 (3.7--24.0)     5.7 (1.2--13.4)     0.022[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     0.26   0.030[\*](#tfn8-jpr-9-257){ref-type="table-fn"}
  Mean peak neck extension MVC (N×10^−1^)   N                   24                  25                      20                       20                                                                                                             20                  19                                                                             
                                            Mean (SD)           10.0 (3.5)          9.8 (3.4)               8.8 (3.4)                8.8 (2.9)                                                  \<0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}   8.2 (3.3)           8.0 (2.7)           \<0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}   0.70   \<0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}
                                            Median (1--3 qrt)   9.6 (7.4--12.6)     10.0 (7.3--12.6)        8.0 (6.7--11.3)          8.1 (7.0--10.3)                                                                                                8.0 (5.7--10.0)     7.9 (6.2--8.9)                                                                 
  Mean peak neck flexion MVC (N×10^−1^)     N                   24                  25                      20                       20                                                                                                             20                  19                                                                             
                                            Mean (SD)           5.6 (2.2)           5.5 (1.8)               5.1 (2.1)                5.0 (1.3)                                                  0.048[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     5.0 (2.4)           4.7 (1.1)           0.006[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     0.62   0.016[\*](#tfn8-jpr-9-257){ref-type="table-fn"}
                                            Median (1--3 qrt)   5.4 (4.3--7.0)      5.5 (4.5--6.7)          5.0 (3.7--6.2)           5.1 (4.1--5.6)                                                                                                 4.4 (3.3--6.9)      4.7 (3.9--5.5)                                                                 
  Mean peak shoulderMVC (N×10^−1^)          N                   24                  25                      20                       20                                                                                                             20                  19                                                                             
                                            Mean (SD)           5.2 (1.4)           5.0 (1.4)               5.0 (1.3)                5.2 (1.2)--                                                --                                                  5.0 (1.3)           4.8 (0.9)           --                                                  0.42   0.12
                                            Median (1--3 qrt)   5.4 (4.6--6.5)      4.9 (4.3--5.9)          5.0 (4.1--5.8)           5.3 (4.5--6.0)                                                                                                 5.4 (4.0--5.9)      4.7 (4.3--5.2)                                                                 
  Mean peak RFD (N×10^−1^ s^−1^)            N                   24                  25                      20                       20                                                                                                             20                  19                                                                             
                                            Mean (SD)           18.9 (9.3)          16.6 (7.8)              16.6 (7.1)               17.1 (7.5)                                                 --                                                  17.4 (8.5)          17.7 (6.7)          --                                                  0.78   0.86
                                            Median (1--3 qrt)   18.5 (12.0--23.0)   15.0 (11.0--20.0)       17.5 (10.5--20.0)        16.5 (11.5--22.0)                                                                                              15.5 (10.5--21.5)   17.0 (12.0--25.0)                                                              
  Mean TTS (0--42)                          N                   24                  25                      20                       19                                                                                                             20                  19                                                                             
                                            Mean (SD)           19.6 (7.7)          21.6 (8.8)              22.4 (7.3)               25.1 (7.3)                                                 0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     22.3 (8.4)          23.5 (8.9)          0.005[\*](#tfn8-jpr-9-257){ref-type="table-fn"}     0.66   0.001[\*](#tfn8-jpr-9-257){ref-type="table-fn"}
                                            Median (1--3 qrt)   19.0 (13.5--25.0)   21.0 (16.0--27.0)       22.0 (17.0--27.0)        26.0 (21.0--32.0)                                                                                              24.5 (14.5--29.0)   23.0 (17.0--31.0)                                                              
  Mean $VO_{2_{\max}}$ (L min--1)           N                   24                  25                      20                       19                                                                                                             20                  19                                                                             
                                            Mean (SD)           1.9 (0.3)           2.0 (0.4)               2.0 (1.4)                2.1 (1.4)                                                  --                                                  2.0 (0.3)           1.9 (0.3)           --                                                  0.39   0.26
                                            Median (1--3 qrt)   1.8 (1.7--2.0)      2.0 (1.6--2.3)          2.0 (1.7--2.1)           2.1 (1.7--2.3)                                             --                                                  1.9 (1.7--2.2)      1.8 (1.6--2.0)                                                                 

**Notes:** *P*-values of pooled differences between periods versus baseline. *P*-values for interaction between interventions and overall test for the effect of time. All results adjusted for age and BMI.

Significance level ≤0.05.

**Abbreviations:** BMI, body mass index; MVC, maximal voluntary contraction; RFD, rate of force development; qrt, quartiles; SD, standard deviation; TTS, Total Tenderness Score; VAS, visual analog scale; $\text{VO}_{2_{\max}}$, predicted maximal oxygen uptake.
